A certain percentage of aldosterone (ALD) breakthrough generally occurs in patients with hypertension and chronic heart failure and is an important issue during long-term treatment with angiotensin-converting enzyme inhibitors (ACE-I) and angiotensin receptor blockers (ARB). It has been reported that efonidipine decreases the plasma levels of ALD. However, the long-term effects of efonidipine on the plasma levels of ALD and the left ventricular mass index (LVMI) remain unknown in patients with hypertension. Sixty stable outpatients with essential hypertension who had received amlodipine and ACE-I or ARB for more than 1 year were randomized into two groups (amlodipine group (n¼30): continuous amlodipine treatment at a stable dose; efonidipine group (n¼30): amlodipine (5 mg day À1 ) was changed to efonidipine at a dose of 40 mg day À1 ). There was no difference in their baseline characteristics including the LVMI and plasma levels of ALD. In the amlodipine group, there were no significant changes in blood pressure, LVMI or plasma levels of ALD for 18 months. In the efonidipine group, blood pressure did not change after replacement of amlodipine with efonidipine, although there was a significant decrease in the plasma levels of ALD after 6 months. The decrease in ALD was sustained for 18 months and LVMI was significantly decreased after 18 months (121 ± 25 vs. 114 ± 21 g m À2 , Po0.05). There was a significant correlation between the changes in LVMI and % changes of ALD in the efonidipine group. These findings indicate that the effect of efonidipine on the suppression of plasma ALD was sustained for at least 18 months and that long-term efonidipine therapy decreases LVMI in patients with essential hypertension. 
INTRODUCTION
Recent clinical trials have shown that inhibiting the biological actions of aldosterone (ALD) using an ALD blocker alone or in combination with angiotensin-converting enzyme inhibitors (ACE-I) or angiotensin receptor blockers (ARB) is reported to be a useful add-on therapy in hypertensive patients, reducing the incidence of cardiovascular events among patients with chronic heart failure (CHF). 1,2 Therefore, to prevent cardiovascular disease, targeting ALD synthesis and release may be clinically important. One of the major incentives for implementing the RALES and EPHESUS trial was the investigation of the ALD breakthrough phenomenon 3, 4 in which ACE-I does not reliably induce significant decreases in plasma ALD levels. Therefore, in a certain percentage of patients with hypertension or CHF, ALD breakthrough generally occurs. This phenomenon is an important issue during a long-term treatment with ACE-I and ARB. 1, [5] [6] [7] [8] [9] [10] [11] Although the mechanisms of ALD breakthrough remain obscure, there was no apparent reduction of the left ventricular mass index (LVMI) in patients with ALD breakthrough(+) during the administration of ACE-I. 8 Aldosterone production in the adrenal gland is mediated mainly by the T-type calcium channel in vitro. 12 Recently, it has been reported that efonidipine, a T-type and L-type calcium channel blocker, significantly decreases the plasma levels of ALD. 13, 14 However, the long-term effects of efonidipine on the plasma levels of ALD and LVMI remain unknown in patients with hypertension.
This study evaluated the long-term effects of efonidipine after the replacement of amlodipine on the plasma levels of ALD and LVMI in patients with essential hypertension.
METHODS
Sixty stable outpatients with essential hypertension who had received antihypertension drugs including amlodipine and ACE-I or ARB for more than 1 year were randomized into two groups (control group (n¼30): continuous amlodipine treatment at a stable dose; efonidipine group (n¼30): amlodipine (5 mg day À1 ) was changed to efonidipine at a dose of 40 mg/day, which is a comparable antihypertensive dose). Patients with renal insufficiency (serum creatinine 41.5 mg per 100 ml, angina pectoris or moderate-to-severe CHF (New York Heart Association functional class III or IV) were excluded from this study. Although the use of other drugs was allowed, the doses of these agents were not changed during the study period. The general condition of each patient had been stable for more than 6 months before the study.
In the outpatient clinic, resting heart rate was determined from ECG and blood pressure measurements and data were independently confirmed by attending physicians. Blood samples were collected from the antecubital vein after resting in a seated position for at least 20 min at baseline, after 6 months, after 12 months and after 18 months. Echocardiography was performed at baseline and after 18 months. Left ventricular ejection fraction was measured by echocardiography at the same time. LVMI was calculated from M-mode ECGs according to the formula by Devereux et al. 15 Blood samples were assessed for serum potassium and serum creatinine, for plasma renin concentration, plasma levels of ALD and for brain natriuretic peptide (BNP). ALD breakthrough was defined as an increased value compared with the baseline value. The attending physicians were blinded to the neurohumoral and echocardiographic data. Informed consent was obtained from all patients for participation in the study, following protocol approval by the Committee on Human Investigation at our institution.
Measurement of neurohumoral factors
Blood samples were collected from the antecubital vein after resting in a seated position for at least 20 min. Blood was centrifuged at 3000 r.p.m for 15 min at 4 1C, and the plasma thus obtained was stored at À30 1C until assay. The plasma levels of ALD and plasma renin concentration were measured using the commercial radioimmunoassay kits as previously reported. 14 The samples for the assay of plasma BNP concentrations were transferred to chilled disposable tubes containing aprotinin (500 kallikrein inactivator U ml À1 ). The blood samples were immediately placed on ice and centrifuged at 4 1C, and then the plasma was frozen in aliquots and stored at À301C until assay. Plasma BNP concentrations were measured with a specific immunoradiometric assay for human BNP using a commercial kit (Shionogi, Osaka, Japan) as previously reported. 16 
Statistical analysis
All results are expressed as the mean ± s.d. Univariate analysis was performed using Student's t-test. Categorical data were compared against w 2 distribution. Comparisons between groups were performed by analysis of variance with Scheffe's test for continuous variables. Analysis of variance was used to determine the significance of differences between groups. A P-value o0.05 was regarded as significant. Table 1 lists the characteristics of the participants. The participants were 60 patients with essential hypertension. There was no difference in baseline characteristics including left ventricular ejection fraction and LVMI and plasma levels of ALD and BNP between the two groups ( Table 1) . Nineteen patients had CHF (NYHA class I or II) and there was no difference in the incidence of CHF complication between the two groups. Concomitant therapy other than with amlodipine and ACE-I or ARB was maintained for at least 12 months and there was no difference in baseline medication between the two groups.
RESULTS
In both the control and efonidipine groups, there were no significant changes in blood pressure over the18-month observation period ( Table 2 ). In the efonidipine group, the heart rate decreased after 6 months and the decrease in heart rate was sustained during the 18 months (Table 2 ).
In the control group, plasma levels of ALD and BNP did not change during the 18 months but serum creatinine was significantly increased after 6 months. In the efonidipine group, plasma levels of ALD decreased after 6 months and the decrease in ALD was sustained for 18 months (106 ± 49 pg ml À1 at baseline, 76 ± 30 pg ml À1 at 6 months, 79 ± 43 pg ml -1 at 12 months, 77 ± 34 pg ml -1 at 18 months) ( Figure 1) ; the plasma ALD level eventually increased again in two patients (7% ALD breakthrough). In the efonidipine group, the plasma levels of BNP did not change during the 18 months and serum creatinine was significantly increased after 6 months, although LVMI was significantly decreased after 18 months (121±25 vs. 114±21 g m À2 , Po0.05) (Figure 2 ). There was a significant positive correlation between the changes of LVMI (LVMI after 18 months -LVMI at baseline) and % changes of ALD ((ALD after 18 months -ALD at baseline)/ALD at baselineÂ100%) in the efonidipine group (r¼0.427, P¼0.018) (Figure 3 ).
DISCUSSION
In this study, (1) we extended the previous pilot study to confirm the long-term effects of replacing amlodipine with efonidipine on the plasma levels of ALD in patients with essential hypertension who had already received ACE-I or ARB; and (2) we showed for the first time Effect of efonidipine on aldosterone and LVMI T Tsutamoto et al that the suppression of plasma ALD by efonidipine was sustained for at least 18 months concomitant with a significant decrease in LVMI without changes in blood pressure. A long-term treatment with ACE-I or ARB does not necessarily induce significant decreases in plasma ALD levels (ALD breakthrough). 1,5-11 ALD breakthrough generally occurs in about half of the cases within 12 months. 8, 17 The incidence of ALD breakthrough depends on the length of the follow-up period. 18 In previous studies that defined breakthrough as any increase from an individual's baseline ALD level, the incidence ranged from 10% over 6 months to 53% over 12 months. 8, [14] [15] [16] 19, 20 In this study, the follow-up period was 18 months and the incidence of ALD breakthrough was 7% with efonidipine treatment, which was relatively low compared with that in previous studies. 8, [14] [15] [16] [17] 19, 20 Moreover, in our study, all patients had already been receiving ACE-I or ARB for more than 1 year, suggesting that some patients had ALD breakthrough. In this population, only two patients (7%) had ALD breakthrough after the replacement of amlodipine with efonidipine, suggesting the usefulness of the combination of ACE-I or ARB and efonidipine.
Calcium ion is conveyed through the T-type calcium channel to the mitochondria, where it activates ALD synthesis. Thereafter, ALD stimulates a T-type calcium channel expression, 21, 22 creating a positive feedback loop for ALD biosynthesis in the adrenal cells. Recently, efonidipine, a T-type and L-type calcium channel blocker, has been shown to inhibit ALD synthesis and secretion in vitro 12 and in vivo. 13, 14 Therefore, the different site of action from ACE-I and ARB on ALD secretion and production by efonidipine is key to the assessment of ALD breakthrough during treatment with ACE-I and ARB. In this study, plasma renin concentration did not change significantly in spite of the sustained decrease of ALD for 18 months, suggesting that efonidipine, as a T-type calcium channel blocker, may inhibit renin secretion as shown in vitro.
Recently, it has been clarified that ALD can directly damage various organs, such as the heart and blood vessels, through mineralocorticoid receptors, independent of changes in blood pressure. [23] [24] [25] In humans, it is suggested that hypertensive incidents and organ damage may occur, even at plasma ALD levels within the normal range. 24, 26, 27 We previously reported that treatment with atrial natriuretic peptide infusion could prevent left ventricular remodeling in patients with myocardial infarction owing to the suppression of plasma ALD levels. 28, 29 Along with the decreased heart rate, efonidipine may have more cardiovascular protective effects than amlodipine because of the decreased plasma ALD level in CHF patients with hypertension. 
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This study showed that during the 18-month observation, a clinical dose of efonidipine could decrease the heart rate, an independent risk factor for cardiovascular death in patients with hypertension. 30 This finding is consistent with previous reports. 14,31 Moreover, the plasma ALD level was decreased after the administration of efonidipine and the decrease in ALD was sustained for 18 months, suggesting that efonidipine may be useful for blood pressure control, especially in CHF patients with hypertension. T-type calcium channels are distributed in the sinoatrial node and the conduction system, but not in the cardiac muscle in a normal adult heart. Moreover, recent reports suggest that the reexpression of the T-type calcium channel in the failing heart may contribute to cardiac hypertrophy, 32 to remodeling after myocardial infarction 33, 34 and to the development of cardiomyopathy. 35 In this study, LVMI, an important surrogate marker, 36 was significantly decreased after 18 months in the efonidipine group with the sustained reduction of ALD. Taken together with our findings, T-type calcium channel blockers such as efonidipine may be useful for the management of hypertension in patients with CHF. Indeed, our findings may help to explain why the mortality rate was markedly lower in the JATOS study 37 than in other similar clinical trials.
This study has several limitations. Although we took blood samples after patients rested for at least 20 min in a seated position in the present study, and the attending physicians and sonographers were blinded to the neurohumoral data, a single measurement of ALD may have limited value because of variations in the levels, and further studies are required to evaluate the daily urinary ALD secretion. In addition, the LVMI and plasma levels of ALD were slightly higher in the efonidipine group, which may reflect the results.
Further studies are needed to clarify this problem in a large number of patients.
CONCLUSIONS
At effective antihypertensive doses of efonidipine and amlodipine, efonidipine significantly decreased the plasma ALD level at 6 months and the suppression of plasma ALD by efonidipine was sustained for at least 18 months. Furthermore, long-term efonidipine therapy decreased LVMI in patients with essential hypertension. Effect of efonidipine on aldosterone and LVMI T Tsutamoto et al
